1. Introduction {#sec1}
===============

Grain crops production plays a dynamic role in the economy of Pakistan with the main crops being wheat, rice, maize, barley, and grams. In 2012, the area under wheat was 8.6 M ha, having production of 24.2 M tons \[[@B48]\]. Wheat contributes 2.2% to gross domestic product (GDP) and 10.1% share in value added agriculture (VAA) in Pakistan. A comparison of historical cultivated area and production is presented in [Figure 1](#fig1){ref-type="fig"} \[[@B48]\]. Given the importance of the wheat crop to the economy of Pakistan, early crop yield forecasting is of vital importance and may help policy makers and grain marketing agencies in planning and management for domestic use and exports.

Normalized Difference Vegetation Index (NDVI) data have been used to monitor crop condition and forecast yield as well as production in many countries of the world, namely, Swaziland \[[@B38], [@B39]\], Zimbabwe \[[@B42]\], Kenya \[[@B43]\], Spain \[[@B47]\], and Canada \[[@B44]--[@B46]\]. Estimation of cereal crops production is a research-based global priority \[[@B29]\] as food grains have a major position in world agricultural production \[[@B24]\]. In semiarid areas, wheat is considerably affected by availability of nitrogen because its deficiency creates nutritional stress, decreases the chlorophyll content in the leaves, and decreases yield \[[@B51]\]. Crop growth research now-a-days is focused on measurement of light interception and its utilization efficiency for evaluation of productivity. As compared to other parameters, near infrared (NIR) based indices are reliable and discerned grain yield meritoriously and results validated the use of spectral reflectance indices (SRI) as an instrument in the breeding programs for the selection increased genetic gain in yield \[[@B3]\].

Application of spectral reflectance and remote sensing technologies for crop growth improvement has encouraged the assessment and appropriate installment of sensors. Vegetation indices, which are determined by the spectral reflectance measurements, are believed to be the most reliable and nondestructive method for effective assessment of total dry matter (TDM) \[[@B33], [@B1]\], leaf area index (LAI) in wheat and barley \[[@B8]\], and vegetation health and productivity \[[@B36]\]. The estimation of TDM and LAI in the spectral regions of red and near-infrared can be effectively measured by vegetative indices such as NDVI and simple ratio (SR). Normalized Difference Vegetation Index (NDVI) measures the amount of green vegetation in an area. NDVI is based on the principle that actively growing green plants strongly absorb radiation in the visible (VIS) region of the spectrum (the "PAR," or "photosynthetically active radiation"), while strongly reflecting radiation in the near-infrared (NIR) region. The Green-Seeker Hand Held Optical Sensor Unit is a tool for crop research and consulting and provides precise measurement and data logging of the NDVI and VISr to NIR of plant material. The sensor uses light emitting diodes (LED) to generate red and near-infrared (NIR) light. The light generated is reflected off the crop and measured by a photodiode located at the front of the sensor head. The unit generates light at two specific wavelengths and measures the light reflected off the target (typically plants in soil). The microprocessor within the sensor analyzes the reflected light and calculates the results. The data from the sensor is transmitted serially to an HP iPAQ Personal Digital Assistant and can later be exported to a desktop computer for analysis. Several problems exist when using the sun as a light source. The intensity of sun is affected by sun angle, cloudiness, haziness, and conditions which can cause inconsistent NDVI measurements. NTech developed an active sensor that generates its own illumination source to measure NDVI. In fact, the sensors function in nearly any condition including darkness, dramatically extending the application period. These indices prove to be very helpful in estimation photosynthesizing ability \[[@B36]\] of plants, primary production, and crop yield. No detailed studies exist regarding use of these vegetative indices to differentiate the wheat genotypes according to their response in terms of TDM, LAI, and yield difference in Pakistan. Therefore, this study involving comprehensive range of wheat varieties and their growth assessment at various stages was used to confirm the importance of these vegetative indices on production and yield. The findings will provide an efficient assistance for the management decisions like irrigation or nitrogen application. Application of advanced techniques is a vital step in agronomic experiments for qualitative assessment related to the capability of plants to capture radiation and its utilization in photosynthesis process which can be determined through spectral reflectance \[[@B16], [@B31]\]. A useful surrogate measurement for the fraction of intercepted radiation throughout a day is the technique of reflectance of light from the crop canopies. Evaluation of plant initial biomass and strength in various wheat varieties can be efficiently secured through RSI \[[@B8], [@B6]\]. Therefore, awareness should be created for utilization of modern techniques like spectral reflectance or remote sensing to help agronomist, farm managers, and farmers to cope with abiotic stresses timely. The objectives of this study, therefore, were (a) to study effect of various nitrogen rates and wheat cultivars on NDVI in Faisalabad district and (b) to identify the best growth stages for making a reliable crop yield forecast.

2. Materials and Methods {#sec2}
========================

The experiments were laid out at Agronomic Research Area, University of Agriculture Faisalabadin with randomized complete block design (RCBD) with split plot arrangement having four replications. The plot size was 10 m × 2.4 m. The experiments considered ten cultivars (Bakkhar-2001, Chakwal-50, Chakwal-97, Faisalabad-2008, GA-2002, Inqlab-91, Lasani-2008, Miraj-2008, Sahar-2006, Shafaq-2006) in subplots and four nitrogen levels (0, 55, 110, and 220 kg ha^−1^) in main plots. The wheat crop was sown on 12th November during both the years of 2008-2009 and 2009-2010 with the help of single row hand drill, keeping row to row distance of 30 cm. The phosphorus and potassium were applied at the rate of 85 and 60 kg ha^−1^, respectively. Urea, triple supper phosphate, and sulphate of potash were used as sources of N, P, and K fertilizers, respectively. The potash and phosphorus fertilizers were applied at the time of sowing, while the N was top dressed in two splits. Cultural practices such as weeding and irrigation were kept uniform for all the experimental treatments. Two equal splits of nitrogen fertilizer were applied first at 35 (17th December) and 60 (11th January) days after sowing (DAS), respectively, during both the years \[[@B30]\]. A total of 19 acre inches of water were applied; four acre inches for seed bed preparation, three acre inches each at tillering, stem elongation, booting, anthesis, and grain formation stages \[[@B30]\].

2.1. Soil Analysis and Weather Data {#sec2.1}
-----------------------------------

Composite soil samples were taken at the experiment site prior to seeding. The samples were analyzed for major physical and chemical soil properties by standard methods ([Table 1](#tab1){ref-type="table"}). The soil is sandy clay loam according to USDA classification. Its color is brown, somewhat poorly drained. The mean monthly weather data for both years are presented in [Table 2](#tab2){ref-type="table"}.

2.2. Observations Recorded {#sec2.2}
--------------------------

Spectral reflectance was measured by a spectroradiometer (Green-Seeker Hand Held optical sensor unit, model 505; NTech Industries, Inc., Ukiah, CA, USA), above the canopy at 50 cm height at different growth stages during the season. Each plot was divided into two subplots. One of them was used for destructive biomass and leaf area sampling and the other remained intact for reflectance measurements and final grain yield determination. Total dry matter (TDM) and NDVI were measured on fortnightly basis at tillering, stem elongation, booting, anthesis, grain filling, and maturity. Half meter long row from each plot was harvested at ground level after every twenty days interval leaving appropriate borders. Then 5 g of green leaf laminae was used to record leaf area on leaf area meter (Model CI-202, CID, Inc.). Fresh and dry weight of component fraction of plant (leaf and stem) was determined. A subsample in each fraction was taken to dry in an oven at 70°C to a constant weight.

2.3. Calculation of Vegetation Indices {#sec2.3}
--------------------------------------

Initially, different ratios and normalized indices were determined based on a combination of visible and near-infrared wavelength, as suggested by scientists \[[@B3]\]. NDVI was obtained with the following expression: $$\begin{matrix}
{\text{NDVI} = \frac{\left( \text{NIR} - \text{VISr} \right)}{\left( \text{NIR} + \text{VISr} \right)},} \\
\end{matrix}$$ where NDVI stands for normalized difference vegetation index, NIR for near-infrared radiation, and VISr for visible red spectrum. NDVI values range from −1 (usually water) to +1 (strongest vegetative growth). The amount of reflectance in the NIR range (*λ* = 700--1300 nm) and in the VISr range (*λ* = 550--700 nm) is determined by the optical properties of the leaf tissues: their cellular structure and the air-cell wall-protoplasm-chloroplast interfaces \[[@B14]\]. A portable spectroradiometer known as Green-Seeker (Hand Held Optical Sensor Unit, Model 505; NTech Industries, INC., Ukiah, CA, USA) was used to measure NDVI.

3. Results and Discussion {#sec3}
=========================

3.1. NDVI at Various Growth Stages {#sec3.1}
----------------------------------

Results showed that effect of nitrogen on NDVI score at various growth stages, that is, tillering, stem elongation, booting, anthesis, grain filling and physiological maturity was significant ([Table 4](#tab4){ref-type="table"}). Maximum values of NDVI were observed in N~4~ (220 kg N ha^−1^) and minimum values were showed in N~1~ (0 kg N ha^−1^) at different growth stages in chronological order, respectively, ([Table 4](#tab4){ref-type="table"}). Other treatments of nitrogen N~3~ (110 kg N ha^−1^) and N~2~ (55 kg N ha^−1^) showed values of NDVI score between above mentioned range. Similarly, variation among cultivars differed significantly at all growth stages. In chronological order, NDVI score ranged from 0.32 to 0.43, 0.53 to 0.70, 0.55 to 0.74, 0.74 to 0.85, 0.78 to 0.88, and 0.40 to 0.65 at tillering, stem elongation, booting, anthesis, grain filling and physiological maturity stages, respectively. The interaction of between nitrogen rates and cultivars for NDVI was highly significant at maturity stage and data presented in Tables [5](#tab5){ref-type="table"} and [6](#tab6){ref-type="table"} for years 2008-09 and 2009-10, respectively, while, non-significant at all other growth stages ([Table 4](#tab4){ref-type="table"}). Many workers \[[@B49], [@B50]\] reported that at grain filling stage NDVI decreases up to 0.3 because crop becomes under stressed and its capacity to absorb PAR is reduced. But others \[[@B10], [@B37]\] described that NDVI score reached up to 0.4 in productive environments which have high TDM and LAI thus showing the vigorous crop canopy as dark foliage. The milky-grain stage is the best depictive stage for recording NDVI as it directly correlates to yield than earlier measurements \[[@B23]\]. More of the literature showed that the relationship between biomass and NDVI but less information for prediction of biomass and yield at early growth stages of the crop consistent with the findings of other group of scientists \[[@B3], [@B2]\], NDVI score increased until the onset of grain filling and the highest score of NDVI recorded near milky-grain stage and then decrease up to maturity. Biomass and yield was strongly correlated with each other.

3.2. Time-Course Vegetation Indices and Peak LAI {#sec3.2}
------------------------------------------------

Changes in LAI throughout the growth cycle were reflected in the vegetation index. Thus, NDVI reached a maximum from 106 to 126 DAS and started to decline from this date onwards ([Table 4](#tab4){ref-type="table"}). However, in all the treatments including 220 kg N ha^−1^, NDVI declined abruptly at maturity ([Table 4](#tab4){ref-type="table"}). The peak LAI was the highest at 220 kg N ha^−1^ and lowest value was recorded at control (0 kg N ha^−1^), and peak LAI was measured at booting stage ([Table 3](#tab3){ref-type="table"}). Many researchers \[[@B1], [@B10], [@B13], [@B19]\] concluded that increases in red reflectance were related to the decreases in chlorophyll content resulting from lower N supply \[[@B9]\], decreases in NIR reflectance mostly responded to decreases in LAI and green biomass, as has been widely reported for wheat crops.

3.3. Correlation Coefficient between Grain Yield and NDVI Score at Different Growth Stages {#sec3.3}
------------------------------------------------------------------------------------------

[Table 7](#tab7){ref-type="table"} shows the simple correlation between grain yield and NDVI scores. At the time of tillering, stem elongation, booting, anthesis, grain filling and maturity, these relationships were highly positively correlated in both seasons, and significant association between grain yield and NDVI was also found having maximum value at maturity stage.

3.4. NDVI Trend during the Crop Growth Period {#sec3.4}
---------------------------------------------

Wheat grown under different N levels, showed only small differences in NDVI among cultivars once 100% ground cover was reached, but variability increased as the crop cycle progressed and highest variability was obtained at maximum head weight due to differences in spike size and/or morphology. The difference among cultivars increased for the prediction of grain yield at heading and grain filling stages, quite likely due to a decrease in LAI and differing morphological characteristics of spike. There was a positive and linear relationship between grain yield and maximum NDVI ([Figure 2](#fig2){ref-type="fig"}). Regression accounted for 65% and 78% variations of the data during both the years of study. Relationship between LAI and maximum NDVI is positive and linear (*R* ^2^ = 0.53 and 0.78) during years 2008-09 and 2009-10, respectively, as [Figure 3](#fig3){ref-type="fig"} shows.

4. Conclusion {#sec4}
=============

The potential of NDVI to differentiate wheat cultivars for grain yield under different nitrogen levels was demonstrated. The NDVI was able to differentiate cultivars at different growth stages. NDVI scores at the booting, grain filling, anthesis, and maturity stages can be used as yield predictors in wheat and overall; the study showed a clear association between grain yield and NDVI measured but at maturity stage correlation between grain yield and NDVI was greater than NDVI values recorded at different growth stages.
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###### 

Physical and chemical analysis of soil.

  Chemical properties        2008-09    2009-10
  -------------------------- ---------- ----------
  Organic matter             1.28%      1.23%
  TTS (total soluble salt)   12.29%     11.69
  pH                         7.54       7.21
  Nitrogen (N)               0.64%      0.57
  Phosphorus (P~2~O~5~)      6.93 ppm   6.85 ppm
  Potassium (K)              19.4 ppm   19.1 ppm

###### 

Weather data at experimental site.

  ----------------------------------------------------------------------------------------------------------------
  Months     Rainfall (mm)   Temperature (°C)\   Temperature (°C)\   Sunshine (hours)                       
                             2008-09             2009-10                                                    
  ---------- --------------- ------------------- ------------------- ------------------ ------ ------ ----- ------
  November   0               0.7                 27.3                12.2               25.7   10.8   8.0   06.3

  December   14.6            0                   21.9                09.1               22.1   07.0   6.0   06.6

  January    13.5            0.8                 19.6                07.3               16.2   06.0   6.1   04.1

  February   18.2            11.9                22.1                09.9               22.0   09.5   7.3   06.6

  March      14.0            8.8                 27.5                14.0               30.4   16.5   7.8   08.7

  April      22.9            1.3                 33.5                19.1               38.4   21.4   9.2   09.0
  ----------------------------------------------------------------------------------------------------------------

###### 

Effect of nitrogen levels and cultivars on peak LAI at booting stage.

  Treatments         LAI        
  ------------------ ---------- ----------
  Nitrogen levels                
   0 kg ha^−1^       3.91^d^    3.82^d^
   55 kg ha^−1^      4.45^c^    4.31^c^
   110 kg ha^−1^     4.94^b^    4.79^b^
   220 kg ha^−1^     5.38^a^    5.18^a^
   LSD (0.05)        0.32       0.25
  Cultivars                      
   Faisalabad-2008   4.97^a^    4.79^a^
   Lasani-2008       4.82^ab^   4.64^ab^
   Miraj-2008        4.69^b^    4.56^ab^
   Sahar-2006        4.65^bc^   4.61^ab^
   Shafaq-2006       4.68^b^    4.61^ab^
   GA-2002           4.39^c^    4.29^cd^
   Bakkhar-2001      4.60^bc^   4.48^bc^
   Inqlab-1991       4.73^ab^   4.65^ab^
   Chakwal-1950      4.58^bc^   4.14^d^
   Chakwal-1997      4.62^bc^   4.50^bc^
   LSD (0.05)        0.25       0.25

Means sharing different letters differ significantly at *P* ≤ 0.05.

###### 

Effect of varying nitrogen levels and wheat cultivars on NDVI score at different growth stages.

  Treatment              Tillering    Stem elongation   Booting      Anthesis     Grain filling   Maturity                                                                  
  ---------------------- ------------ ----------------- ------------ ------------ --------------- ---------- ------------ ---------- ------------ ------------ ------------ ------------
  Nitrogen levels (N)                                                                                                                                                        
   0 kg ha^−1^           0.31^c^      0.34^d^           0.53^c^      0.51^b^      0.53^d^         0.51^c^    0.73^c^      0.64^c^    0.82^c^      0.72^b^      0.49^c^      0.34^d^
   55 kg ha^−1^          0.37^b^      0.37^c^           0.58^bc^     0.64^a^      0.58^c^         0.62^b^    0.78^b^      0.76^b^    0.84^bc^     0.81^a^      0.52^c^      0.40^c^
   110 kg ha^−1^         0.41^ab^     0.41^b^           0.63^ab^     0.64^a^      0.62^b^         0.72^a^    0.80^ab^     0.83^ab^   0.85^ab^     0.85^a^      0.59^b^      0.49^b^
   220 kg ha^−1^         0.44^a^      0.47^a^           0.65^a^      0.66^a^      0.73^a^         0.73^a^    0.82^a^      0.87^a^    0.87^a^      0.88^a^      0.65^a^      0.61^a^
   DMR (5%)              0.05         0.03              0.06         0.06         0.03            0.05       0.03         0.10       0.03         0.09         0.03         0.06
   Significance          ∗∗           ∗∗                ∗∗           ∗∗           ∗∗              ∗∗         ∗∗           ∗∗         ∗∗           ∗∗           ∗∗           ∗∗
   S$\overset{-}{x}$     0.012        0.006             0.013        0.013        0.006           0.010      0.006        0.022      0.006        0.019        0.013        0.014
  Varieties (V)                                                                                                                                                              
   Faisalabad-2008       0.42^a^      0.43^a^           0.67^a--c^   0.70^a^      0.69^a^         0.74^a^    0.81^a^      0.85^a^    0.88^a^      0.85^a^      0.65^a^      0.53^a^
   Lasani-2008           0.41^a^      0.42^ab^          0.64^bc^     0.68^ab^     0.66^ab^        0.70^ab^   0.81^ab^     0.82^ab^   0.86^ab^     0.83^ab^     0.61^ab^     0.49^ab^
   Miraj-2008            0.39^ab^     0.40^a--c^        0.60^a--c^   0.62^a--c^   0.61^cd^        0.66^bc^   0.79^a--c^   0.77^cd^   0.86^ab^     0.83^ab^     0.58^bc^     0.48^b--d^
   Sahar-2006            0.39^ab^     0.41^a--c^        0.61^bc^     0.62^a--c^   0.62^bc^        0.71^ab^   0.80^a--c^   0.79^bc^   0.86^e^      0.83^ab^     0.59^ab^     0.48^a--c^
   Shafaq-2006           0.38^a--c^   0.39^a--c^        0.58^ab^     0.60^a--c^   0.59^cd^        0.64^c^    0.78^bc^     0.74^d^    0.84^a--c^   0.81^a--c^   0.54^b--d^   0.44^b--e^
   GA-2002               0.33^c^      0.35^d^           0.54^d^      0.53^c^      0.57^d^         0.55^e^    0.74^d^      0.74^d^    0.81^b--e^   0.78^c^      0.49^d^      0.40^e^
   Bakkhar-2001          0.35^c^      0.38^cd^          0.57^a--c^   0.57^bc^     0.59^cd^        0.56^de^   0.77^c^      0.74^d^    0.82^de^     0.79^bc^     0.51^cd^     0.42^de^
   Inqlab-91             0.38^a--c^   0.39^a--c^        0.58^c^      0.60^a--c^   0.60^cd^        0.62^c^    0.78^a--c^   0.75^d^    0.84^b--d^   0.82^a--c^   0.56^b--d^   0.47^b--d^
   Chakwal-50            0.39^ab^     0.40^a--c^        0.60^bc^     0.61^a--c^   0.58^cd^        0.64^c^    0.79^a--c^   0.77^cd^   0.85^c--e^   0.82^a--c^   0.57^bc^     0.47^b--d^
   Chakwal-97            0.36^a--c^   0.38^b--d^        0.57^bc^     0.59^bc^     0.57^cd^        0.61^cd^   0.77^c^      0.75^d^    0.83^ab^     0.80^bc^     0.53^b--d^   0.43^c--e^
   DMR (5%)              0.05         0.04              0.07         0.10         0.04            0.05       0.03         0.04       0.03         0.04         0.07         0.05
   Significance          ∗∗           ∗∗                NS           ∗            ∗∗              ∗∗         ∗∗           ∗∗         ∗∗           ∗∗           ∗∗           ∗∗
   S$\overset{-}{x}$     0.016        0.013             0.022        0.032        0.012           0.016      0.009        0.013      0.009        0.013        0.020        0.016
   Interaction (N × V)   NS           NS                NS           NS           ∗∗              NS         NS           NS         NS           NS           ∗∗           ∗∗
  Mean                   **0.38**     **0.40**          **0.59**     **0.61**     **0.61**        **0.66**   **0.78**     **0.77**   **0.84**     **0.82**     **0.5625**   **0.459**

Means not sharing any two letters differ significantly at (*P* ≤ 0.05); ∗significant at 5% level; ∗∗significant at 1% level; NS: nonsignificant.

###### 

Interactive effect of nitrogen levels in wheat cultivars for NDVI score at maturity stage for the year 2008-09.

  Wheat cultivars          Nitrogen levels   Means                                        
  ------------------------ ----------------- -------------- -------------- -------------- ------------
  V~1~ = Faisalabad-2008   0.56^a^           0.59^a^        0.68^a^        0.74^a^        0.65^A^
  V~2~ = Lasani-2008       0.56^a^           0.48^ab^       0.67^a^        0.71^a^        0.61^AB^
  V~3~ = Miraj-2008        0.51^ab^          0.57^ab^       0.58^ab^       0.68^a^        0.58^BC^
  V~4~ = Sahar-2006        0.53^ab^          0.49^ab^       0.65^ab^       0.67^a^        0.59^AB^
  V~5~ = Shafaq-2006       0.55^a^           0.48^ab^       0.50^b^        0.63^ab^       0.54^B--D^
  V~6~ = GA-2002           0.37^bc^          0.43^b^        0.53^b^        0.64^ab^       0.49^D^
  V~7~ = Bakkhar-2001      0.26^c^           0.58^a^        0.67^a^        0.55^b^        0.51^CD^
  V~8~ = Inqlab-91         0.57^a^           0.58^a^        0.59^ab^       0.49^c^        0.56^B--D^
  V~9~ = Chakwal-50        0.41^b^           0.49^ab^       0.67^a^        0.71^a^        0.57^BC^
  V~10~ = Chakwal-97       0.58^a^           0.53^ab^       0.33^c^        0.70^a^        0.53^B--D^
  Means                    **0.49** ^C^      **0.52** ^C^   **0.59** ^B^   **0.65** ^A^    

Means sharing different letters differ significantly at *P* ≤ 0.05.

###### 

Interactive effect of nitrogen levels wheat cultivars for NDVI score at maturity stage for the year 2009-10.

  -----------------------------------------------------------------------------------------------------
  Wheat cultivars\          Nitrogen levels   Means                                        
  ------------------------- ----------------- -------------- -------------- -------------- ------------
  V~1~ = Faisalabad- 2008   0.37^ab^          0.44^a^        0.57^a^        0.74^a^        0.53^A^

  V~2~ = Lasani-2008        0.35^ab^          0.44^a^        0.55^ab^       0.60^bc^       0.49^AB^

  V~3~ = Miraj-2008         0.35^ab^          0.44^a^        0.47^b^        0.64^b^        0.48^B--D^

  V~4~ = Sahar-2006         0.37^a^           0.45^a^        0.52^ab^       0.59^bc^       0.48^A--C^

  V~5~ = Shafaq-2006        0.28^b^           0.40^ab^       0.45^b^        0.62^b^        0.44^B--E^

  V~6~ = GA-2002            0.35^ab^          0.31^b^        0.41^b^        0.52^c^        0.40^E^

  V~7~ = Bakkhar-2001       0.37^a^           0.39^ab^       0.43^b^        0.51^c^        0.42^DE^

  V~8~ = Inqlab-1991        0.33^ab^          0.43^ab^       0.52^ab^       0.60^bc^       0.47^B--D^

  V~9~ = Chakwal-1950       0.33^ab^          0.34^b^        0.48^b^        0.73^a^        0.47^B--D^

  V~10~ = Chakwal-1997      0.26^b^           0.39^ab^       0.50^ab^       0.56^bc^       0.43^C--E^

  Means                     **0.34** ^D^      **0.40** ^C^   **0.49** ^B^   **0.61** ^A^    
  -----------------------------------------------------------------------------------------------------

Means sharing different letters differ significantly at *P* ≤ 0.05.

###### 

Correlation coefficient between grain yield and NDVI score at different growth stages.

  -----------------------------------------------------------
  Development stages   2008-2009\   2009-2010\   Pooled\
                       (*n* = 14)   (*n* = 14)   (*n* = 28)
  -------------------- ------------ ------------ ------------
  Tillering            0.928∗∗      0.925∗∗      0.936∗∗

  Stem elongation      0.880∗∗      0.694∗       0.796∗∗

  Booting              0.950∗∗      0.707∗∗      0.901∗∗

  Anthesis             0.866∗∗      0.879∗∗      0.909∗∗

  Grain filing         0.805∗∗      0.881∗∗      0.901∗∗

  Maturity             0.927∗∗      0.950∗∗      0.959∗∗
  -----------------------------------------------------------

\*Significant at 5% level. \*\*Significant at 1% level.
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